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Abstract

A production function is specified with human capital as a
separate argunent and with enbodi ed technical change proxied by a
vari abl e that neasures the average vintage of the stock of capital.
The coefficients of this production function are estimated wth
cross section data for roughly 2,150 new manufacturing plants in 41
i ndustries, and for subsets of this sanple.

The question of interactions between new investnent and
initial endowents of capital is then examned wth data for
roughly 1,400 old plants in 15 industries.
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Wthin the conventional neoclassical framework, a distinction
is sonetinmes nmade between product-augnenting and factor-augnenti ng
technical change. A parallel distinction is comonly nmade between
enbodi ed and disenbodied technical change wth the forner
associated with factor, and the latter with product, augnentation.
Di senbodi ed change is conmonly assuned to arise fromincreases in
t he stock of know edge, independently of the characteristics of the
i nputs used, while enbodied change relates to increases in the
efficiency of inputs, that is, labor skills or the productivity of
physi cal capital.

Unfortunately, this distinction is anbi guous. Changes in the
efficiency of the inputs used are usually acconpani ed--i ndeed nade
possi bl e--by increases in knowl edge. And conversely, increases in
the stock of know edge often favor sone inputs nore than others,
including the capital goods of one vintage relative to those of
another. This becones obvi ous when one considers that purchases of
capi tal goods in successive years are unlikely to be functionally
identical in their conposition.

Not wi t hst andi ng the anbi guity, the concept of enbodi nent has
intuitive appeal and this partly explains the focus on deconposi ng
the sources of technical change that followed Solows (1957)
sem nal paper. But by the late 1960's, a reader of the literature
m ght have concl uded that such deconposition was inpossible. For

with nerely time series data on inputs and output, product,



augnenti ng and factor-augnenting technical change are enpirically
i ndi sti ngui shabl e.

In an inportant paper, Hall (1968) showed that with data on
used equi pnment prices and the interest rate, enbodied technica
change and deterioration function can, in principle, be calcul ated.
However, the paucity of data on the prices of used capital goods
has allowed little progress in this direction. The new
Longi tudi nal Research Database created by the U S. Bureau of the
Census now permts still another approach to the estimation of
"enbodi ed" techni cal change associated with capital, both physical
and human. In addition, it casts |light on a perplexing problem
that has plagued econonetric estimtes of production relations
based on changes in inputs and output as distinct from|levels of
bot h.

Thi s new body of information consists of tinme series and cross
section data for individual manufacturing plants for the period
1972 to 1986. The tine series permt us to derive indexes of the
vintage of capital for each plant. This, in turn, allows us to
estimate the effects of vintage of capital on productivity from
strictly cross-section data. And since these effects are estinmated
at a common point in tinme, tenporal shifts in productivity divorced
fromvintage are excluded by definition.

Moreover, we are also able to distinguish between "new'
plants--that is, plants w thout endowrents of capital accunul ated
in earlier periods--from"old" plants. The analysis of data for
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old plants allows the test of a hypothesis, and yields an
expl anation, of why estinmates based on changes in inputs and out put
generally lead to very different coefficients fromthose based on
|l evels of the variables. The latter is an issue with inportant
policy inplications given that npbst investnent in devel oped
econom es takes the formof expansion -- that is, changes in inputs
-- for existing (old) plants.

The remai nder of the paper is divided into six sections. In
Section | we present our principal nodel and the definitions of
variables in our production function. Section Il reports the
estimates for technical change in the context of [evels of inputs
and output for new plants. Section IIl discusses the inplications
of measuring production relations for changes in inputs and out put
as distinct from|evels while Section |V presents estinmates for old
pl ants based on changes in the relevant variables. Section V
conpares the results for new and old plants while Section IVis a
brief summary of principal conclusions. There is also a short

appendi x on data construction.

MODEL FOR MEASURI NG TECHNI CAL ADVANCE AND DEFIN TION OF
VARI ABLES.
W start with a general node
O, = Aje®H,;(6, Ly, Q) (D)
where O, is output, A; is a shift paranmeter that is assuned to
affect the productivity of all vintages of capital and all |abor
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skills symretrically, Lyis labor, Q is human capital, and 6; is a
vector of investnent streans.

B, = (ly o 1) (2)
where J is the vintage year in which investnent is neasured, and
( is the age of the plant.

As is commonly hypot hesi zed, we expect each successive vintage

of investnment to be nore productive than the |last so that,

0H 0H

T T

-

>
oI, oI (3)

Let us assune we can substitute a capital stock variable for
the vector of investnents and take due account of the effect of
vi nt age by neasuring the average vintage of the stock.

Accordi ngly, we have

O = AEYF(K,.e", L, Q (4)
where K is the sum of investnents of various vintages, v is the
wei ght ed average vintage of the stock with weights based on the
investnment of each vintage relative to K and k neasures
productivity enhancenment from "enbodi ed" effects of vintage (the
subscripts of J are omtted).

The resulting nodel differs in several respects from
production functions that are comonly esti nmated. First, human
capital (labor skills) enters as a separate argunent in the
production function rather than as an adjustnent to the neasure of
| abor i nput. Second, capital is conposed of gross investnent
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streans, rather than net investnent, so that the effect of vintage
(that 1is, obsolescence plus decay) is estimted wthin the
framework of the nodel. |In this respect, our approach accords with
that of Prucha and Madiri (1990), though we do not follow themin
their assunption that the depreciation rate is endogenous. It
contrasts with the conventional nethod of inferring obsol escence
and deterioration fromassuned economc |ives and decay functions.

Qur conceptual franmework makes no distinction between the
accumul ati on of know edge and changes in the physical attributes of
capital associated with vintage as long as new know edge is
uni quely related to vintage. Simlarly, if new know edge is
uniquely related to | abor skills, no distinction is nmade between
the two. Changes in the shift paraneter, A, disappear within a
cross-section framework and only interplant variations in
"di senbodi ed" technical change renmain.

D fferences across plants in blueprint technol ogy, and in the
know edge associated with it, are alnost certainly uniquely rel ated
to either |abor skills or the vintage of physical capital. Wat,
then, is there left of disenbodinent in the context of a cross-
section nodel ? It appears that only the effects of organi zationa
capital, largely in the formof firmspecific information, remain
unaccount ed. Such organi zational capital may take the form of
mat chi ng of tasks with the attributes of individual enployees, the
sorting of enployees by conpetence, and other aspects of firm
specific | earning-by-doing. This formof disenbodinent is excluded
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from our nodel
W next turn to a nore detail ed di scussion of the variables in

equation (4).

A Physi cal Capital and Vi ntage

The stock of capital in equation (4) is the sum of gross
investnments fromthe year following the birth of the plant to the
year in which output is neasured. (bsol escence is then neasured
directly via the production function through estimtes of the
effect of vintage on output.

The effects of vintage arise from obsol escence + (physica
decay - nmmintenance outlays). If, however, as is plausible,
mai nt enance outl ays roughly offset the effects of physical decay at
| east on current production (if not also on earnings), the
princi pal source of difference in the relative efficiency of
capital of different vintages is obsol escence. The inplied
depreciation rate then, correctly neasured, becones roughly the
dual of capital augnenting technical change.

The foregoing indicates that the assunptions necessary to
construct a net capital stock require inplicitly a neasure of
enbodi ed technical change of capital. And if physical decay
roughly equal s nai ntenance outl ays, then obsol escence is all that

needs to be neasured to transformgross into net stocks.



Vi ntage was neasured as the wei ghted average of the years of

the investnent stream for each plant, with weights based on the

ratio of the annual investnent for each plant to its total
i nvestnent over the relevant period. By definition, a higher
average indicated nore recent vintage. Thus vi ntage neasured

(inversely) the average age of physical assets.

Since the productivity of an asset has a | ower bound of zero,
in principle, only non-retired assets should be included in the
conput ation of average vintage. Oherwi se, a systenmatic relation
between the stock of retired assets and average vintage m ght | ead,
in the context of a production function, to distortions in the
coefficients of both physical capital and vintage. However, since
the period over which average vintage was conputed was |imted to
1973-86, retirenent of assets fromthe rel evant investnent streans
(as our tests showed) were not |arge enough to distort the
estimates significantly and were, therefore, ignored.

In fact, plant data for retirenents were available and
experinments were carried out with the use of retirenent data as a
separate explanatory variable. The results were |argely negative
in the sense that retirenents in the 1973-86 period did not prove
to have significant explanatory power. This is consistent with an
assunption of gradual decline in the productivity of assets as they
obsol esce. Under such conditions, the flow of productive services

from old assets will approach zero as they approach retirenent.



Consequently, the final step of retiring assets should change
output very little, if at all

Excluded from the nodel is circulating capital (that is,
inventories). This is justified since inventory accunul ation is,
at least partly, unintended and is also a function of expected

future rather than nerely current output.

B. Labor and Hunman Capit al

Qur | abor variable was intended to approximate pure | abor
i ndependently of human capital (labor quality) and was thus
measured by the nunber of enployees for each plant. Qur index for
t he average anmount of human capital associated with the | abor input
was sinply the average wage rate for each plant. 1In effect, we
assuned that all plants have equal access to the | abor nmarket and
that differences in average wages nust reflect differences in human
capital. This, of course, deviates from conmmon net hodol ogy that
assunes variations in wage rates neasure differences in price for
identical classes of labor. |If our assunption of equal access to

| abor markets is correct, it renders unnecessary inferences about

! To facilitate the interpretation of the coefficients of

change in human capital, as well as to correct for possible

bi ases arising fromthe fact that in sone of our cross-sections

t he observations do not relate to identical points in tine,
average wage rates were deflated. The deflator was the
Consuners' Price Index and was intended sinply to correct for the
average rate of inflation in the econony.
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| abor quality from information on education, occupation, or
denographic attributes of enpl oyees.

Qur chosen neasure is inplicitly based on a definition of
human capital as any attribute of I|abor that increases its
productivity. Across plants at a point in tinme, we assune that
average wage rates reflect primarily differences in the conposition
of the work force with respect to what Becker (1964) has called
general (as distinct fromfirmspecific) human capital--that is,
human capital the returns to which are probably captured by the
enpl oyee.

Differences in average wage rates across plants in the sane
i ndustry were far too large to permt a conclusion that they
refl ected regional variations in wages. More specifically, for
nmost i ndustries, the highest average wage for any plant was roughly
three tinmes the lowest, and the standard devi ations were typically
between 20 and 30 percent of the nean wage. This represents a far
greater variation than can plausibly be attributed to such factors
as unioni zation, historical peculiarities, or regional differences
i n wages.

Even nore decisive, if historical accident or unionization
were inportant explanatory variables for the dispersion in average
wages across plants, one would expect the variation to be |arger
for old than for new plants. Al'l new plants cn choose their
| ocation and, therefore, at the outset face comon | abor narkets.
In fact, the dispersion in average wages was |arger for new than
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for old plants. This reflects the role of conpeting technol ogi es
wi th substantial trade-offs between human capital and other inputs
rat her than unionization or regional variations in wages.

As a final check, we divided all plants into the nine Census
geographic regions to assess to what extent variations in average
wages were attributable to regional influences on wage rates. W
found that, generally, one could not predict the regional pattern
of high and | ow wages for one industry fromthe observed pattern

for another industry.

C._ Qut put

The dependent vari able, output, was proxied alternatively by
defl ated shipnents and by deflated value added. For reasons
indicated in the appendix, both shipnments and val ue added have
deficiencies as neasures of output. The choice between them
depends partly on the set of industries examned. For this reason,
results are generally presented wth both variables as

alternatives.

I'1. ESTI MATES OF EMBCDI ED TECHNI CAL CHANGE BASED ON DATA FOR NEW
PLANTS
From t he standpoint of our analysis, the central distinction
bet ween "new' and "ol d" plants is not their chronol ogi cal age but
whet her, at the starting date for analysis, there are initial
endownents of physical capital that originate from earlier
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investnents. |If there are none, or if they are mnor, we classify
the plants as "new'. The relevance of this distinction rests in
our hypothesis (developed nore fully later) about interactions
bet ween new investnment and the initial capital stock. These
interactions |lead to non-separability of the relation between new
i nputs and changes in output and, hence, to unstable and m sl eadi ng
coefficients in the context of a production function.

I nteracti ons across successive investnent streans al so occur
for new plants with no initial endownrents of capital. But, as
explained later, for new, in contrast to old, plants interaction
effects are far nore likely to be proportional to cunul ated new
investnent. First, across new plants, the stock of capital is far
nmore honobgeneous in its age conposition. Second, for new plants
i nvest ment streans of contiguous years are frequently el enents of
an i ntegrated investnent plan.

New plants were defined as plants born in 1973 or later while
old plants were those in existence in 1972 (the initial year for
the avail able data set). New plants were in fact considerably
younger than old plants and, further, the bulk of their capita
outl ays were made within several years of their birth.

The anal ysis was carried out with data for plants in a set of
41 manufacturing industries, and a subset of 32 industries, over
the 1973-86 period. The industries were selected mainly on the
basis of the nunber of new plants enconpassed by each industry but,
in general, the 41 industries appear to be broadly representative
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of the manufacturing spectrum All told, the analysis is based on
a sanple of close to 2200 pl ants. Details of the selection of
plants and industries, and a list of industries, are included in
t he appendi x.

A The Econonetri c Mde

The production function (equation 5) was estimated in
augnment ed Cobb-Douglas form for capital and |abor inputs. The
cust omary Cobb- Dougl as specification was nodified by the inclusion
of an index of human capital as a separate argunment in the
production function. Further, we included an average vintage
vari able--the latter not in log formbut rather in average nunber
of years. Prelimnary experinents with CES and Translog
specifications yielded clearly inferior results.

log Q, = $: + $, log L, +$, log Q, (5)

+ $51 009 K, +$, Vi, +u;,
where the variables O L. Q K and V are defined as before and each
variable is nmeasured for plant j in tinmet.

Data were pooled for plants in all the industries in the
sanple. To assess the difference between estinated coefficients
for each industry and those for the aggregate sanple, a dummy

vari abl e nodel was devel oped. It estimates sinultaneously the

coefficients for all plants in all industries in addition to the
difference in each industry coefficient from that for the
aggregate. The equation is:
log Q, $or + E 8, D
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+ $, log L, + E $,;, D log L,
+ $ 109 Qj, + E $,. D log Qj;
+ $; 109 Kij + E $;. D log K,
+ $u Vi + E $,, D Vi,

+ Ui

where O L, Q K and V are defined as above for plant j in period
t, D takes the value of one for industry i, zero otherw se, and
each E is sumred over the industry index i=1...41. The values for
$., are the aggregate coefficients, while those for $.,, measure the
differences in industry coefficients fromthose for the aggregate.
Thus $., + $.,, are the coefficients for each industry.

The nodel was constructed by stacking all observations tw ce
to avoid the "dummy variable trap" (thus doubling the nunber of
observations for each cross-section). The first stack specifies
the basic nodel in equation (6), then includes zeros for all
industry dummes for each variable. The second stack again
specifies the basic nodel in equation (6), but this tinme the added
dummy vari abl es take the value of one for a particular industry for
each variable (5 dunmes for each industry), and zero ot herw se.

The estimates for the coefficients for the aggregate are
unchanged. The stacking procedure, however, artificially increases
the sanple size by nore than the degrees of freedom/lost in using
the large nunber of dumm es. Test for significance are thus
somewhat biased in the direction of rejecting the null hypothesis
of no differential industry effect.
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B. Results

Table 1 presents the results for equation (5) for two sanples
of industries, 41 and 32, and using two alternative proxies for
out put, nanely, shipnents and value added. |In addition, for each
alternative the results are shown for all plants born between 1973
and 1986 and for those born at least three years before the
termnal peak for each plant (that is, the point for which the
cross-section data are anal yzed).

Limting the data to plants born at |east three years prior to
the term nal peak had the purpose of allowi ng sufficient tinme for
capital goods to be fully phased in and, hence, for the estimates

to correspond to the production frontier. |In fact, this
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Table 1

PRODUCTI ON RELATI ONS FOR NEW PLANTS
POOLED DATA FOR 41 AND 32 | NDUSTRI ES
(Numbers in parentheses below the coefficients are t-val ues.)

Dependent Inter- Adj ust ed Sanpl e
Vari abl e cept L Q K \Y R? Si ze

41 Industries, All Cbservations

Shi pnent s 1.82 .67 .59 .31 .02 .81 2,168
(11. 64) (45.81) (12.28) (21.17) (3. 35)

Val ue .65 .66 .69 .29 .04 .77 2,173

Added ( 3.83) (41.55) (13.07) (18.12) (5. 66)

41 Industries Limted To Pl ants Born at
Least 3 Years Prior to Term nal Peak

Shi pnent s 1.71 .61 .53 . 36 .04 .77 1,212
( 8.16) (28. 45) ( 7.80) (15. 32) (4. 40)

Val ue .47 . 63 . 66 .32 . 06 .73 1,212

Added ( 2.08) (26.95) ( 8.90) (13.56) (6.21)

32 Industries, Al Qbservations

Shi pnent s 1.85 .67 .54 .33 .02 .82 1,919
(11. 19) (44.16) (10.58)  (20.81) (3.38)

Val ue .75 .64 .63 .31 .04 .78 1,922

Added ( 4.20) (39.09) (11.45) (18.16) (5. 61)

32 Industries Limted To Plants Born at
Lease 3 Years Prior to Term nal Peak

Shi pnent s 1.67 .62 .48 .38 .04 .78 1,068
( 7.48) (27.58) ( 6.34) (14.89) ( 3.89)

Val ue .46 .62 .63 .34 .06 .74 1,068

Added ( 1.90) (25.25) ( 8.11) (12.40) ( 5.87)

Source: U.S. Bureau of the Census, LRD database.

Qut put and inputs, with all variables except vintage specified in |logs, are
nmeasured for the peak year (out of 1984, 85, or 86) of the plant's operations
except that physical capital is lagged half a year. L is measured by number of
enpl oyees, Q by the average wage rate, K by cunul ated capital expenditures and
initial purchases of assets plus the capitalized value of the change in rentals,
and V by the weighted average age of investments (wth higher values for nore
recent investnents). The dependent variable, |og of output, is nmeasured by

shi pnents and, alternatively, by value added. The detail ed nmeasurenent
procedures are discussed in the text and appendix, with the list of industries
shown in Table A
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restriction, based at |east on R, values, did not seemto inprove
the estimates--a result that may stem from the change in sanple
conposition and reduction in sanple size.

In general, the coefficients for |abor, human capital, and
physical capital are highly stable across the eight set of
estimates, the nedian values for the three coefficients being .64,
.61, and .33, respectively. There is considerably nore volatility
fromsanple to sanple for the coefficients for vintage, with the
medi an val ue being .04. The R and t values, considering that
cross-section data for a highly diverse group of industries were
used, are all very high.

The principal contributions of the econonetric nodel is that
it enables the neasurenent of the effects on output of enbodied
techni cal change, and of human capital separate from "pure |abor."
To focus first on the latter, we observe from Table 1 that,
particularly for estimtes wth value added as the dependent
variable, the elasticity of output with respect to human capital is
roughly the sanme as that for pure |abor.

G ven our definitions, a one percent change in human capita
(nmeasured by the average wage) nust have the sane effect on total
costs as a one percent change in the |abor input (neasured by
nunmber of enployees). Accordingly, the sane coefficients for the
two variables nean that the marginal products per dollar of
expenditures are the sane for the two inputs. The consistency of
this result with an optinmal input allocation rule is an outcone one

16



m ght have expected from data drawn from an industry with a
honbgeneous out put. It is surprising given the variety of
i ndustries and technol ogies from which the plants were drawn, as
well as the enornous range of plant sizes enconpassed by the
sanpl es.

The nost frequent estimate for vintage yielded a coefficient
that indicated a four percent change in output for each one-year
change in the average vintage of the stock of capital. This is
i ndeed a high value given that gross returns to capital have a
wei ght of roughly one-third in total inputs for manufacturing
i ndustries (as neasured by capital's share of gross conpensation to

capital plus labor, and using Statistics of Incone data for 1972-

86) . Thus a 4 percent change in output attributed solely to
enbodi ed technical change for physical capital inplies about a
twel ve percent change in the efficiency of capital goods from a
one-year change in average vintage (.04/.33).

Wil e there was sone instability in the estimated coefficients
for vintage, such estinates can only be viewed as rough
approxi mati ons of average rates of change attributable to the age
of capital goods. Not only is each year's investnent conposed of
| arge nunbers of specific capital goods, but the functional
conposition of capital goods (for exanple, structures versus
equi pnent or office equipnent versus transportation equipnent)

undoubt edly changes across vintages. Thus, the derived neasures

17



are neani ngful only as approxi mati ons or scal ar magni tudes rat her
than as point estimtes.

Using equation (6) to estimate industry dumm es, we find that
for nost industries the dunmmy vari abl es were not significant--that
is, industry estimates for the coefficients did not deviate
significantly from the estimates for the conbined sanple. The
results are summari zed in Table 2 which shows that for only a snal
fraction of the 41 industries did any of the industry estimates

deviate significantly fromthose for all industries conbined.

Table 2

DI FFERENCES BETWEEN | NDUSTRY COEFFI Cl ENTS AND THOSE
FOR POOLED DATA FOR 41 I NDUSTRIES I N TABLE 1

Number of Number of
Si gni ficant Non-
Dependent Dunmmy Coefficients Si gni ficant
Vari abl e (+) Coefficients
)
Val ue of D 1, 1 2, 0 37
Shi prent s DL 3, 2 1, 1 34
DQ 5 1 3, 2 30
DK 0, 1 4, 6 30
DV 0, 2 1, O 38
Val ue Added D 2, 0 1, 1 37
DL 4, 4 1, O 32
DQ 2, 0 4, 3 32
DK 1, O 6, 3 31
DV 0, 2 0, 2 37

D industry dummy, L: labor, Q human capital, K capital,
V: vintage. For the nunber of significant coefficients, two
nunbers are reported: the first nunber reports strong
significance (p<0.05) and the second "marginal" significance
(0. 05<p<0. 10).

I11. MODELI NG PRODUCTI ON RELATI ONS FOR CHANGES | N | NPUTS AND QUTPUT
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The average proportion of capital expenditures in US.
manufacturing that is spent on existing plants, as distinct from
those under construction, has been estimted by Gort and Boddy
(1967) to exceed 90 percent of the total. But even using a nuch
| ooser definition that classifies plants in the several years
following their initial operation as new, the proportion accounted
for by older plants would be a large fraction of the total.

At first glance, this fact seens puzzling. The addition of
new capital goods to a production process already in place and
incorporating old assets nust be restricted in the kinds and
conbi nations of inputs that can efficiently be added. Wy then do
firms choose to give up the flexibility and consequent econoni es
associated with new plants of best practice technology? Wy do
they, instead, expand within the limtations of nelding older and
newer capital goods?

There are three pl ausi bl e expl anations for investnent in old
est abl i shnent s. First, their expansion may entail a shorter
gestation period than creation of new plants. Second, scale
economes may preclude the creation of new plants for snall
i ncreases in output. And third, total input requirements for a
given increase in output may be smaller for old plants because of
interactions between old and new inputs. It is this third
explanation that is the focus of our attention.

There are two principal ways in which such interactions may
occur. First, new enployees nmay learn from ol der ones thereby
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reduci ng adjustnent costs. Second, new physical assets my
interact with old ones by nodifying them or at |east changing the
way in which old assets are used. |In this way, new capacity could
be created with I ower inputs of physical capital than required when
starting froma zero base.

It is our hypothesis that increnents in output entail

different production function coefficients fromthose inplicity in

levels of output and inputs and that this, in turn, is a
consequence of interactions. Wre it otherwise -- that is, in the
absence of interactions -- new inputs of capital (investnent) on

old plants could be viewed as separable |evels of capital just as
increases in output could simlarly be viewed as the [evel of new
out put .

Gort and Boddy (1967) nodel ed interaction effects through a
sinple multiplicative term-- a procedure that nade sense for the
el ectric power industry they studied since the interaction took
largely the form of addition of generating equipnent to old
structures, or of nodifications of boilers for existing steam
t ur bogenerat ors. The assunption of a symretrical effect of new
investnent across all old capital goods as inplied by a
multiplicative termis, however, nmuch too sinple to capture the
t echnol ogi cal interactions observable in nost industries. |ndeed,
interactions are difficult to nodel since they are likely to vary

across plants within an industry as well as across industries. But
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this does not nean that their effects can be ignored. Fortunately,
there is a solution to the problem

| nteractions occur across all vintages of investnent. The
fact that one year's investnent may be conposed of structures while
the next year's is conposed of equi pnent housed by the structures,
means that growh in output cannot be expected to respond in a
consistent way to a single year's investnent outlays. Qutlays over
several years are likelier to reflect a balanced investnent plan
than those for a single year and, hence, (holding technol ogy
constant) are likelier to produce a proportional relation between
growh in output and cunulated investnent. But a bal anced
i nvestnent programstill does not dispose of interactions that take
the form of nodifications of old assets nade possible by new
technol ogy. Nor does it take account of differences in returns to
new investnent from interactions arising because of |arge
di fferences across plants, at any point intime, in the size of the
initial stock of capital.

It is plausible, however, that interaction effects associ ated
with the stock of old assets existing at the outset decline as a
function of time, relative to the separable output effects of new
i nvest nment. Ad plants vary not only in the magnitude of their
initial capital endowrents but also in the age of their old
capital. Consequently when new investnent is still small relative
to old investnent, interactions between new and old capital wll
produce unsystematic and, hence, unpredictable effects in the
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context of cross-section analysis. The problem therefore, reduces

itself to one of finding a subsequent point in tinme at which

interaction effects across plants becone sufficiently systematic
that they can be neasured.

Consi der equation (7) for old plants

G = H (65 K Ly Q) (7)
where J is the vintage year (with J =0 the base year), O is
defined as output, b6; the vector of current vintage year and
previous investnents such that 6; = (15 154, ..., 1y K the initial

capital stock, L;is labor, and Q, is |abor quality. The hypotheses

concerni ng enbodi ed techni cal change can be sunmarized as foll ows:

oH, oH,
>
oT, oT (8) (i)
0’0, N 0’0, 20 for i< i
or i< j
aItaIt—i aItaIt—j
(i)
a0, a0,
>
oK 3K

0 (i)

Equation (8) (i) shows, as before,

the greater

recent vintages of

i nvest nent .

The effect of

productivity of nore

interactions i s shown

in equation (8)(ii) by the positive (if any) contribution of nore

recent vintage

i nvest nent

denoted by
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productivity of past investnments denoted by J-i and J-j.
Interaction effects will be |arger between investnents of shorter
time |apse between vintages (i<j) because old assets becone
progressively less adaptable to new capital. Finally, wth
obsol escence, the productivity of the initial capital stock,
equation (8)(iii), declines over tine. Wile not reflected in the
above equations, the relative effect on output of interactions with
K, declines over tine for still another reason. As the sum of new
i nvestnents grows over tinme, their separable effects on output, and
the interactions across the new investnents, grow in inportance
relative to the effects of K,

| f one assunes that both vintage and interaction effects are
of no consequence (out null hypothesis), the production function
for vintage year J can be expressed as

O = h; (Kyy Ly Q) (9)
where K; is the capital stock aggregated fromthe investnent vector
and the initial stock. Now define )0, = O, - Q, where Q = hy(K,,
Lo, Q) under the null hypothesis stated above (that is, with no
enbodinment). the increment to output relative to the base year
| evel should then be a separable production function ? expressible

as

)0, = hy DK, DL, Q) (10)

2 The mat hematical conditions necessary for exact

separability of output and input levels into functions based on
increments is, to our know edge, unsol ved.
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where )K; = H; - K, and )L; = L; - L, neasure the increnents to the
capital stock and | abor force, respectively. Q, is the |evel of
human capital reached by vintage year J which can be utilized by
the increment to the |abor force in the production of additions to
output. Equation (10), if it holds, inplies that the coefficients
of the production function (ignoring economes of scale) are the
sane whether one estimates the relation for increments to output or
for levels of our [equation (9)].

Vintage effects, when included in an enpirical specification,
permt a test to determ ne whether productivity is greater for nore
recent additions to the capital stock. |If interactions initially
have an unsystematic effect, this obscures the production relation
of changes in physical capital to increnents in output for vintage
years soon after the base year (that is, the start of the period
exam ned) . However, as the tine elapsed from the base year
i ncreases, the production relation for increnents to output
approaches that for a specification in terns of |evels rather than
changes. A change in capital variable can thus be assuned to
capture the "levels" effect of a balanced investnent plan and, in
addition, the systematic conponent of the inpact of interactions on

productivity.

V. ESTI MATES OF EMBCDI MENT FOR OLD PLANTS
Usi ng cross-section data, we again estimate a nodified Cobb-
Dougl as production function, this tine for changes in output and in
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| abor and capital inputs for old plants. The nodel is witten as
fol | ows:

Jiog Q, =%, + %, dlog L, + $, log Q, (11)

+ $5 Jlog K, + $, V, + U,

where )log o, is the percentage change in the log of output for j'"
plant for time t relative to the initial period of 1972, )log L is
t he percentage change in pure labor, and )log Kis the percentage
change in gross capital. Percentage changes standardi ze units to
control for size effects across plants and, in a sense, also
st andardi ze the observations for differences in initial factor
proportions.

Log Q neasures the |evel of human capital available to the
increnment in the labor force, and Vis, as before, a neasure of the
wei ght ed average vi ntage of investnent expenditures for each plant.
Qutput is again neasured by the (deflated) value of shipnments or,
alternatively, value added, |abor by total enployees, and | abor
quality or human capital by the average wage rate for each plant.
The weights for vintage are, of course, the annual investnent
expenditures for the period over which changes in capital inputs
are nmeasur ed.

For each regression, the initial capital stock for each plant
is sinply its deflated gross assets in 1972, neasured as descri bed
in the appendix, and the termnal capital stock is obtained by
adding to the initial value cunulated (deflated) gross capita
expenditures plus the capitalized value of the change in rentals of
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assets. FErrors associated with the neasurenent of initial stocks,
for which data on annual investnent streans are |acking, can be
expected to reduce greatly the goodness of fit of our nodel.

Qur first objective was to test the inplications of equation
(8) that the power of interactions gradually declines over tine.
Equation (11) was therefore estimted consecutively for each year.
According to the null hypothesis of no enbodi nent in the form of
vintage or interaction effects, $, = 0 and $;, > 0, respectively,
in the years immedi ately followng 1972. A positive and stable
neasured effect for the )log K variable would indicate relatively
weak interaction effects, and, hence, a separable production
relation for changes in output and capital input.

Qur second objective was to derive estimates for all the
variables in equation (11) that correspond to the production
frontier and this required that we neasure changes in output and
inputs between points approximating capacity utilization.
Production relations involving changes, as distinct fromlevels, of
output and inputs are likely to be especially sensitive to the
assunption of capacity utilization and that condition seens best
appr oxi mated at out put peaks.

For an enpirical approxinmation of capacity utilization, the
first peak was the higher of the 1972 and 1973 val ue of shipnents.
The second peak was the year with the hi ghest val ue of shipnents in
the period 1983-86. The choice of time intervals within which the
hi ghest val ue was sel ected was not arbitrary. In the overwhel m ng
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majority of cases, the "true" peaks by alnost any criterion did
occur within those intervals.

The analysis was carried out with data for plants in 15
i ndustries over the 1972-86 period. The criteria for selecting
industries and plants are discussed in the appendix and the
conposition of industries is shown in Table A

W now turn to results for the enpirical nodel in equation
(11), shown in Table 3. Table 3 is presented with shipnments as the
proxy for output. The sane estimates but with val ue added as the
dependent variable yielded very simlar, though sonmewhat nore
erratic results with lower values of R. For econony of space, the
|atter are not reported in detail.

The results show the consecutive changes in coefficients for
old plants for the increnents in output and inputs from1972 to the
| evel s for each successive year. In general, there is strong
support for the conclusion that for an extended period,
interactions with the initial <capital stock do not permt
estimation of a separable relation between change in capital inputs
and the change in output. It takes roughly twelve years for the
relative effect of interactions to decline to a level that permts
one to estimate a stable coefficient for the change in the | og of

K
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Table 3

PRODUCTI ON RELATI ONS FOR CHANGES | N QUTPUT RELATI VE TO 1972
OLD PLANTS W TH POOLED DATA FCR 15 | NDUSTRI ES, 1973-86
(Numbers in parenthesis below the coefficients are t-val ues.)

Year | nt er cept L Q K V R Sanple Size
1973 -.190 . 925 . 081 -.054 -. 008 .524 1402
(-2.04) (36. 30) (3. 06) (-1.58) (-.32)
1974 -. 356 . 991 . 105 . 020 . 037 . 545 1399
(-3.19) (34.94) (3.10) (.55) (1.70)
1975 -. 409 . 916 . 144 . 118 -. 005 . 581 1400
(-3.50) (36. 76) (4.01) (3.72) (-.33)
1976 -.517 . 849 . 192 . 206 -.004) . 565 1401
(-4.24) (33.04) (5. 23) (6.67) (-.26)
1977 -.635 . 862 . 228 . 199 . 009 . 565 1401
(- 4. 46) (32.75) (5. 38) (6.23) (.62)
1978 -.274 . 876 . 121 . 202 . 002 . 532 1404
(-.174)  (28.90) (2.59) (5. 87) (.13)
1979 -. 347 . 897 . 155 . 200 -. 003 . 546 1402
(-2.17) (30. 26) (3.24) (6.00) (-.28)
1980 -. 145 . 950 . 128 . 224 -.054 . 568 1404
(-.90) (31. 35) (2. 50) (6.22) (-4.56)
1981 -.264 . 986 . 070 . 202 . 025 . 576 1403
(-1.37) (31.93) (1. 20) (5. 39) (1.98)
1982 -.316 . 979 . 062 . 203 . 036 . 577 1403
(-1.65) (31. 60) (1.05) (5. 45) (3.06)
1983 -.781 . 867 . 203 . 279 . 039 .524 1403
(-3.99) (26. 15) (3. 42) (6.98) (3.29)
1984 -1.003 . 816 . 243 . 337 . 049 . 531 1402
(- 4. 95) (24. 34) (3.96) (8. 34) (4. 29)
1985 -1.111 . 817 . 277 . 372 . 041 . 557 1392
(- 5. 15) (26. 05) (4.33) (9.17) (3. 69)
1986 -1.268 . 825 . 341 . 336 . 040 . 493 1333
(-5.14) (22. 38) (22. 38) (7.61) (3. 45)

Source: U. S. Bureau of the Census, LRD database.

Growmh in output and in inputs are measured from 1972 except that physical capital is

| agged half a year. L is neasured by the change in the |og of enployees, Q by the |og of
t he average wage rate, K by the change in the log of capital with K, the deflated initial
gross assets for each plant and K, equal to K, plus cumul ated capital expenditures and the
change in the log of capitalized value of rentals, V is measured by the wei ghted average
vintage of investments (with higher values for nore recent investments). The dependent
variable, growth in output, is measured by change in the log of shipnments. The detail ed
measur ement procedures are described in the text and the appendi x.
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Over tine, the coefficient for )log K increases fromnear zero
and insignificance in the early 1970's to a significant positive
elasticity of above .03 by 1984. Initially, a systematic relation
between growh in capital and in output is obscured by the
unpredictable effects of interactions, given large variations
across plants in the age and size of the endownents of capital at
the outset of the period. But as the ratio of cumul ated invest nent
to initial <capital rises, interaction effects becone nore
systematic and the coefficient for )log K nmeasurable.

Techni cal change enbodied in capital is shown nost directly by
V. The insignificant results for V in earlier years were to be
expected. |If the effects of increnents in capital are obscured by
interactions, it is likely that so will the effects of changes in
the vintage of capital. Mreover, since it is the vintage of post
1972 capital that was neasured, sufficient time had to el apse for
there to be enough dispersion in vintage to detect an effect.

Accordingly, the coefficient of V did not becone significantly
positive until 1982, but renmined reasonable stable thereafter
averaging .04 for the five year interval 1982-86. The
approximately 4 percent increase in output for every one year
change in vintage is substantially the sanme as that observed
earlier for new plants. Thus the high rate of enbodi ed technical
change observed for new plants is confirnmed wth data for old

pl ant s.
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The consistently rising negative value of the intercept a one
moves from 1973 to 1986 is explained by the construction of the
capital variable. Wile V nmeasured changes in the vintage of post-
1972 capital, no allowance was nmade for the progressive
obsol escence of the initial (1972) stock of capital. Hence, for
all plants, termnal year capital was systematically overstated by
an increasing anount for each successive year. Thus the rising
negative intercept appears to capture the obsol escence rate for old
capi tal

Table 3 gives us sone insight into the effect of interactions
bet ween new and ol d i nputs of physical capital. It is problematic,
however, insofar as year-to-year changes may represent observations
for less than capacity utilization and, hence, may not correctly
measure the production frontier. This is especially a problemfor
the I abor input and nay explain the instability of th coefficient
for log of Qin Table 3. As is well known, firnms retain skilled
| abor during contractions in output. The resulting change in the
conposition of labor, with its consequent change in the average
wage, is likely to lead to sonme distortion in the coefficients for
L and Q An illustration of this phenonenon is reflected in the

non-significant results for Q during the 1981-82 recession.

V. COVPARI NG PRCDUCTI ON RELATI ONS FOR NEW AND OLD PLANTS
To avoid the probl em of non-production frontier estimates in

Tabl e 3, equation (11) was estinmated again for the sanme sanple of
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old plants but limted to peak to peak changes, with initial and
termnal peaks identified as indicated earlier. The resulting
estimtes, wth both shipnments and value added as proxies for
output, were conpared with the coefficients for new plants. The
|atter were derived fromequation (5) but limted nowto the sane
15 industry sanple as used for old plants. The estinmates are shown
in Table 4.

Before proceeding with the conpari son of old and new pl ants,
sonme characteristics of the results for old plants m ght be noted.
As conpared with the average coefficients reported in Table 3 for
consecutive years, the coefficient for |abor declines markedly.
Those for physical capital and vintage rise though the order of
magni tude remains roughly the sane as before. In estimating an
i ndustry dummy variabl e nodel as for new plants in Section Il, nost
of the industry dumm es proved non-significant thereby rendering
the coefficients for the aggregate nore neaningful as average

esti mat es.
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Table 4
PRODUCTI ON RELATI ONS FOR LEVELS FOR NEW PLANTS AND

FOR CHANGES | N LEVELS FOR OLD PLANTS, POCLED DATA FOR 15 | NDUSTRI ES
(Nunbers in parenthesis are t-val ues.)

New Pl ants

Dependent Adj ust ed Sanpl e
Vari abl e | nt er cept L Q K \Y R? Si ze
Shi prent s 1.59 . 66 .70 .31 .02 . 84 1250

(7.48) (40.02) (10. 39) (16.94) (1.94)
Val ue . 63 . 63 .73 .30 .04 .78 1252
Added (2.62) (33. 44) (9.59) (14.27) (4.39)

Ad Plants

Dependent Adj ust ed Sanpl e
Vari abl e | nt er cept L Q K \Y R? Si ze
Change in -1.14 .70 . 26 .39 .05 . 45 1404
Shi pment s (-5.54) (19.7) (4.22) (9.80) (5.35)
Change in - .76 .78 . 06 . 36 . 06 .32 1405
Val ue Added (-2.59) (15.70) (.66) (6.39) (4. 36)

Source: U.S. Bureau of the Census, LRD database.

The list of industries is shown in Table A Gowth in output and in inputs for old
plants are measured from 1972 to 1973 except that physical capital is |agged half a
year. Change in all inputs and output is neasured from 1972 or 1973 (whi chever had
the higher output) to a year in 1984-1986 corresponding to an output peak. L is the
| og of total number of enployees, and Qis the |og of average wage rate. K for new
plants is the | og of cunulated capital expenditures plus the capitalized val ue of
the change in rentals. For old plants it is the change in the log of capital wth
capital equal to K, the deflated initial gross assets for each plant, plus

cunul ated capital expenditures and the change in the capitalized value of rentals.

V is nmeasured by the weighted average vintage of investnents (w th higher values for
nore recent investnents). The dependent variable output, is nmeasured for new plants
by the log of ternminal year shipnents or, alternatively, term nal year val ue added
and for old plants by change in a the | og of shipnents or value added. The detail ed
measur ement procedures are described in the text and the appendi x.
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Conparing the results in Table 4 we find:
(a) As to be expected, the R values for new plants are nuch
hi gher than for old plants--a fact attributable in |arge part to
far superior data for the capital variable for new plants.
(b) For new plants, the coefficient for human capital (Q is
substantially higher than for old plants. The efficiency with
whi ch new pl ants use human capital appears to be their single nost
i nportant advantage over old plants. Once technol ogical options
are limted by a | arge anount of old physical assets, the ability
to substitute human capital for other inputs appears to be severly
restricted.
(c) The coefficient for labor is of roughly the sane nagnitude for
ol d and new pl ants.
(d) Especially inportant is the considerable stability in the
coefficients for K when estinmates based on changes in inputs and
output for old plants are conpared with |evels for new plants.
However, while these coefficients are generally of the sane order
of magnitude, the coefficients remain slightly higher for old
plants. This may suggest sone continued inpact of interactions
even after a period of as nuch as 14 years past the point at which
the initial capital stock was neasured.
(e) V continues to be nuch nore sensitive than K to choice of
sanpl e and proxy for output. However, the higher estimates for old
than for new plants are consistent with what we know about capital
expenditures. A larger proportion of capital outlays are devoted
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to structures rather than to equi pnent for new than for old plants.
Structures are generally assuned to be associated with nuch | ower

rates of obsol escence (hence, enbodi ed technical change).

VI. SUMVARY

The principal results of this paper are now briefly
sunmmari zed:
1. W first specified a production function with human capital as
a separate argunent and with enbodi ed techni cal change proxied by
a variable that neasures the average vintage of the stock of
capital
2. The coefficients of the production function were first
estimated wth <cross section data for roughly 2150 new
manufacturing plants in 41 industries, and for subsets of this
sanpl e. An augnent ed Cobb- Dougl as specification was used. The
results proved fairly stable across varying sanples of plants and
Wth respect to alternative neasures of output.
3. Substantively, it was found that the elasticity of output with
respect to human capital was approximately the sane as it was with
respect to pure |abor. Enbodi ed technical change of capital
produced an average 4 percent increase in output for each one year
change i n average vintage.
4. It was pointed out that nost investnent in a devel oped econony
is made on old rather than on new plants. An inportant question,
therefore, concerns the separability of the relation between new
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inputs (that is, changes in the I evel of inputs) and changes in the
| evel of output. A nodel was specified with interactions between
new investnent and initial endownrents of capital. I nteraction
effects were predicted to decline in inportance as a function of
tine.

5. Using a sanple of roughly 1400 old plants in 15 industries, it
was found that interactions between new investnent and initial
endownents of capital were, for a long interval of tine, too
unsystematic to permt neasurenent of a coefficient for capital.
After twelve to fourteen years of cunulative investnent, a
systematic relation between changes in the level of inputs and
changes in the level of output becane neasurable. Moreover, the
coefficient for changes in the capital input for old plants proved
to be of approximately the sanme nagnitude as that for |evel of
capital for new plants.

6. Conmparing new and old plants over the "long-run," the
estimates of enbodied technical change of capital and of the
elasticity of output with respect to nunber of enployees (pure
| abor) proved very simlar for the tw types of plants.
D fferences between new and old plants in the elasticity of output
with respect to human capital remained very |arge, however, and
appear to be an inportant difference between the two sets of

pl ants.
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Appendi x on Data Construction
Capi t al

For our neasure of physical capital for new plants, we
cunul ated gross investnent over the relevant interval (but |agged
half a year), deflated by the inplicit price deflator for capital
expenditures in all manufacturing conbined (the latter based on
unpubl i shed Bureau of Econom c Anal ysis data).

There are opposing biases in using industry |evel deflators
versus those for the econony as a whole for neasuring in constant
prices the value of the physical inputs that conprise the capital
stock. If interindustry variations in input prices reflect mainly
differential changes in scarcities, then industry |level price
deflators are to be preferred. But if interindustry price
variations reflect mainly unnmeasured changes in the quantities of
i nputs--for exanple, the quantity of human capital enbodied in the
| abor inputs that enter into production of capital goods--then
i ndustry-|level deflators are m sleading. The best conprom se
seened to us the use of manufacturing-w de defl ators.

To the cumul ative total of gross capital expenditure we added
the capitalized value of the changes in rentals of fixed assets.?

For our sanple of industries and plants, the resulting addition was

3 Rental paynents for each plant are reported in our data
base. The relevant change in value was capitalized by the
average ratio of gross fixed assets to the sum of net incone
before taxes plus interest paid plus depreciation. Thus
estimates were made for aggregate manufacturing for 1972-86, as
reported in U S. Internal Revenue Service, Statistics of Incone.
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relatively small. Finally, for nost plants there was sone initia
capital stock that anteceded the birth of the plants in Census
records. This stock had several origins: (a) frominitial capital
outl ays preceding the recorded birth of the plant, (b) from the
transfer of existing old assets to new activities follow ng the
recorded birth of the plant, (c) fromthe acquisition of old assets
fromother owners in the year preceding the plant's recorded birth.
We assuned that (a) and (c) accounted for nost of this initial
stock and the appropriate deflator for it was, therefore, the
capital expenditure deflator for the year preceding the plant's
birth. In short, we assuned that the assets were generally
acquired at market prices prevailing just prior to the plant's
bi rth.

For old plants the neasure of capital was | ess satisfactory as
a full history of investnent streans prior to the starting point
for measuring changes was not avail abl e. The initial stock was
therefore neasured by gross fixed assets for each plant defl ated by
capital stock price deflators conmputed for 2-digit industries.* To
the gross fixed assets we again added the capitalized value of
rental paynents for capital goods and again this addition was, in
fact, relatively snall. For neasuring the change in capital

i nputs, we, of course, need the termnal value as well as the

4 The deflators were derived fromratios of gross capital

stocks at historical cost to stocks at constant cost as reported
in Bureau of Economic Analysis, U S. Departnent of Commerce,
Fi xed Reproducible Walth in the United States, 1925-85, 1987.
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initial value of the capital stock. This was achieved by adding to
the initial capital stock the sum of gross investnents over the
rel evant period, neasured as for new plants, plus the capitalized
val ue of the change in rental paynents.

Labor and Hunman Capit al

Labor input for each plant was neasured by the Census record
for its nunber of enployees. An alternative neasure, man-hours,
was not used because it is available only for production workers.
Qur proxy for human capital, the average wage rate, was derived by
dividing each plant's recorded wage bill by the nunber of
enpl oyees.

Qut put

Qut put was proxied alternatively by data for shipnents and for
val ue added, each deflated by an appropriate deflator for the
rel evant 4-digit industry.?®

Shi pnents data ignore variations across plants in purchases
fromother plants--hence in the degree of vertical integration. On
t he other hand, value added is subject to statistical error in the
measurenent of cost of materials, and errors arising from
i nconsi stencies over tinme in the valuation of sem-finished and
finished product inventories. The question of whether shipnments or

val ue added constitutes the better nmeasure is an enpirical one and

> The deflators were drawn from unpublished data of the
Bureau of Econom c Anal ysis and consisted of inplicit deflators
at the 4-digit |evel.
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the answer is likely to differ depending on the sanple of plants

and i ndustri es one chooses.

New and O d Pl ants

As noted earlier, new as distinct fromold plants were defined
as plants born in 1973 or |ater. Wiile the primary purpose of
di stingui shing between new and old plants was to separate plants
with and without significant initial endowrents of capital, there
are also inportant other differences between the two sets of
pl ants.

The record shows that new plants were consi derably younger, by
any criterion, than old plants. Further, for the new plants in our
study, the bulk of their capital outlays were nade within severa
years of their birth. This appears clear fromthe narrow spread
for a 15 industry sanple between the average age of plants since
birth (which was roughly 8.5 years) and the wei ghted average age of
their capital stock (which was 6.3 years with weights based on
annual capital outlays).

Conposition of Sanple and Tine Period Studied

For the analysis of new plants, two sets of industries were
sel ected: one conprising 41 manufacturing industries and a subset
of 32 industries. For the |arger set, we included all industries
with at least 16 new plants in 1982 (excepting only NEC i ndustries
and several t hat m ght not be considered primarily in
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manuf acturing, e.g. publishing). For the subset of 32, the cutoff
was 20 new pl ants.

For the analysis of old plants, and for conparisons of old and
new plants, a further subset of 15 industries was enployed. These
consi sted generally of the | argest anong the 41 but wth sel ection
based partly also on the desirability of broad representation
across the industrial spectrum

Wthin these sets of industries, only plants that satisfied
the followng criteria were chosen: (a) a continuous history in
the sanme industry, frombirth for new plants and from 1972 for ol d,
until 1986, (b) a primary industry specialization ratio of at | east
50 percent. This gave us about 2150 new plants for the 41
i ndustries, roughly 1900 for the 32, and about 1250 for the 15.
Qur sanpl e consi sted of about 1400 old plants in the 15 industries.

The period chosen for analysis, 1972-86, was determ ned by the
time interval for which panel data were avail able. The cross
section analysis was for the termnal peak for each plant which was
identified as the year with the hi ghest val ue of shipnents in the
period 1984-86. For neasuring change in inputs and output for old
pl ants, an initial peak year had to be identified and this was
chosen for each plant as either 1972 or 1973 dependi ng on whi ch was
associ ated with higher shipnments. The list of industries for the

various sanples is shown in Table A
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Table A

Li st of 41 Industries

SIC | ndustry Number of
Code Nane
Plants in 1982
2011 + Meat packi ng Pl ants

25
2013 + Sausages and Ot her Prepared Meat Products 36
2016 + Poultry Dressing Plants 26
2022 Cheese, Natural and Processed 16
2026 Fluid M Ik 18
2037 Frozen Fruits and Veget abl es 16
2051 + Bread, Cake, Rel ated Products 32
2065 + Confectionery Products 21
2086 * Bottl ed and Canned Soft Dri nks 33
2328 Men's and Boys' Woirk C ot hing 16
2421 * Sawm | I's, Planing MIls, General 94
2436 Sof t wood Veneer and Pl ywood 17
2451 * Mobi | e Hones 31
2512 + Uphol st ered Househol d Furniture 21
2653 * Corrugated, Solid Fi ber Boxes 34
2655 Fi ber Cans, Druns, Simlar Products 17
2752 * Commerci al Printing, Lithographic 48
2813 * | ndustrial Gases 68
2821 + Plastics Materials and Resins 20
2834 Phar maceuti cal Preparations 18
2851 * Paints and Allied Products 16
2911 * Pet r ol eum Refi ni ng 18
3357 + Nonf errous Wredraw ng, Insulating 22
3411 * Met al Cans 50
3441 * Fabricated Structural Metal 32
3443 + Fabri cated Pl at ework, Boiler Shops 21
3494 + Val ves and Pipe Fittings 26
3523 + Farm and Garden Machi nery 26
3531 Construction Machi nery 17
3533 + O lfield Machi nery 39
3544 + Speci al Dies, Tools, Jigs, etc. 20
3561 + Punps and Punpi ng Equi pnent 22
3573 * El ectroni ¢ Conputi ng Equi pnent 96
3585 * Refri geration, Heating Equi pnent 35
3612 Tr ansf or ner 16
3613 + Swi t chgear, Sw tchboard Apparatus 22
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3621 + Mbtors and Generators

3662 * Radi o, TV Conmuni cati on Equi pnent 76
3674 * Sem conductors, Rel ated Devices 43
3714 * Mot or Vehicle Parts, Accessories 48
3731 + Shi p Buil ding and Repai ri ng 21

* 15 industry sanpl e.
+ 32 industry sanple.

42



Ref er ences

Becker, G 1964. Human Capital, The University of Chicago Press.

Cort, M, and R Boddy. 1967. "Vintage Effects and the Tine Path
of Investnent in Production Relations,"” in The Theory and

Measurenent of Production Relations, Studies in Incone and
Wealth, Vol. 32, National Bureau of Econom ¢ Research.

1968. "Technical Change and Capital Fromthe Point of
Revi ew of Econom c Studies, XXXV, 35-46.

Hall, R E
Vi ew of the Duel,"

Prucha, I. R, and M |. Nadiri. 1990. "Endogenous Capital
Utilization and Productivity Measurenent in Dynam c Factor
Demand Model s: Theory and an Application to the U S
El ectrical Machinery Industry," working paper.

Change and the Aggregate Production

Solow, R M 1957. "Technical
XXXl X, 312-

Function," Review of Econonm cs and Statistics,
320.

43



